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Introduction :
The advancedor carbon-enhancednegativeelectrodelead acid batterymodulesare usedfor
renewableEnergyStorageApplicationsdueto their high cyclelife, low costandsustainability,
However,thereis still a lot to understandin termsof reliability for grid services. A leadacid
batterymoduleshasbeentestedfor grid servicessuchasfrequencyregulation. Testprocedure
andresultsareshownbelow.

Objectivesof the Project
�ƒ Developa reliabletestingprotocolfor leadacidbatterymodulefor grid services.
�ƒ Gain fundamentalunderstandingof degradationmechanismof Lead Acid Batterymodule

while usedfor grid services.
�ƒ Compareresultswith otherbatterychemistriesto determinea reliableapplicationspecific

batterytechnologyfor grid services.

Results and Discussion: 

Future Work :
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�ƒPeakshavinggrid servicetestingwill beperformed.

�ƒDegradationwill becomparedwith thatfor volatileFR signal

�ƒThe resultswill be analyzedto characterizethe performancereliability of lead
acidbatterymodulefor grid services.

�ƒThe sametestswill be conductedfor other batterychemistrymodulesand the
resultswill compared.

Measurements :
�ƒ Voltage 

�ƒ Current

�ƒ Charge and Discharge Capacity

�ƒ Charge and Discharge Energy

�ƒ Cumulative Discharge Energy

�ƒ Round-trip efficiency (RTE), 

�ƒ Internal Resistance  

1. CC/CV charge to 100% SOC at C/10 rate to 
14.1 V, hold till I < C/40 , Rest 1 hour

2. Discharge at 10-hour rate (17.24 amperes) 
to 10.8V, Rest 1 hour

3. Charge to 100% SOC , Rest 1 hour
Repeat steps 2-3 thrice.

Figure 1: Carbon Battery (Ref: C&D technologies) 

TestingProcedure
a) Capacity Test: It measuresthe batterycapacityper cycling conditionsdescribed. Capacity
testhasbeenperformedperiodicallyto determinethecapacitydegradationof battery.

b) Frequency Regulation Test: The frequencyregulation(FR)signalfrom the US DOE-OE
EnergyStoragePerformanceProtocol is applied. Power is normalizedwith respectto the
ratedpowerovera24-hourtimeperiod.

�™Rated Power 1240 Watt
�™Initial SOC 80%
�™The SOC is reduced by 23% in one FR cycle
�™The Battery module is charged back to initial 

SOC after one FR cycle. 

c) Pulse ResistanceTest: A chargepulse and dischargepulse is applied. The internal
resistanceis calculatedastheratioof thechangein voltageandcurrentat theendof pulse.

�™Rated Capacity is 172 Ah while measured initial capacity was 169 Ah  
�™Round Trip Efficiency (RTE)  is constant for all capacity tests. The FR 

RTE changed only 1% over the entire test duration. 
�™30% decrease in Ah capacity. Capacity loss due to loss of active 

material; resistance increase of 10% does not play a major role (RTE 
unchanged). 

�™Internal Resistance 
increased 10% with 
time.

�™Further pulse test will 
be done to determine  
the degradation 
profile of lead acid 
battery module.  
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Cummulative Discharge Energy (Wh)

Ah Capacity and RTE as f(mileage)

Discharge capacity (Ah) RTE
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Pulse Test Result

Pulse test on 4/15
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Round trip Efficiency (RTE) of Frequency Regulation test 

FR Test (4/15)

FR Test (4/30)

FR Test (6/7)

FR test (7/8)

FR Test (8/6)

 FR Test (8/28)

�™Resistance is measured in every 10% �4SOC 
decrementing from 100% SOC

�™6 second pulse width
�™During pulse �4SOC = 0.1%
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Capacity Test - Current and Voltage Measurements  

Current(A) Voltage(V)


